UNCLASSIFIED 


AD  NUMBER 


AD482985 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Administrative/Operational 
Use;  27  Jun  1952.  Other  request  shall  be 
referred  to  Director,  Defense  Atomic 
Support  Agency,  Washington,  DC  20301. 


AUTHORITY 


DoDD  5200.20 


THIS  PAGE  IS  UNCLASSIFIED 


THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  LOD  DIRECTIVE  5200.20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
I  3  USE  AND  DISCLOSURE. 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED. 


/ 


*  ff 


r  o  LJ 


^  lifS  A<£ 


__JA/rr-__3_2i. 

Report  Number 


v,ri'3 


.  c.3  Rep*' 

~~  IfiGHJircii  UflKARY 

^  IQ/h  (* 

/  of  tl*6 

/  / :  5  APR  1966 

D3S?UJS]!:  ATOMIC 
SUPPORT  AGENCY 


uspi 


* 


«s 


State 


uL&cx^ _ pat  8,  8  mm 

This  material  contains  information  affecting  the  national  defense  of  the  United  States  within 
the  meaning  of  the  espionage  laws,  Title  18,  U.S.C.,  Secs.  793  and  794,  the  transmission 
or  revelation  of  wjtlch  io^Shy  fitaser  to  an  unauthorised. 'paxson  is  prohibited  by  law. 


t 


rfi 

fc] 

^yp'vTrpT 

IS 

k 

uttty^fwmatOT 


WT  -  393 
Copy 


UNCLASSIFIED 


1^*5 


NEVA  OA  PROVING  GROUNDS 
O  C TOBE R  -  NO  V  EM B E  R  19  5  1 

•  «N 

Project  2.3-2 

FOXHOLE  SHIELDING  OF  GAMMA  RADIATION 


each  transmittal  of  this  document  outside 

THE  AGENCIES  OF  THE  U.S.  GOVERNMENT  MUST 
HAVE  PRIOR  APPROVAL  OF  THE  DIRECTOR, 
DEFENSE  ATOMIC  SUPPORT  AGENCY,  WASHINGTON, 
D.C.  20301. 


'.RESTRICTED- BATA 

VATOWIC  ENERGY  ACT  194# 

i _ _ _ - 


ARMED  FORCES  SPECIAL  WEAPONS  PROJECT 

MOOTED'1  WASH,NGTON'  D-c- 


S?rp 

/Oi-ja 

<*^S«cur);j[.lnlorinition 


rt-t  .Vv 

— u-l  ■  »  *r» 


\ik  dwasasi  hm  released  by 
I'm  flhltla*  sf  Kililiry  ip?!itaii»n 
far  utbwiaad  dlttribeiian  wilkin  !w 

iks't  lv*n 


UNCLASSIFIED 


This  doomw«fe«aBalg^Rar 
pages  (counting  preliminary-  pages) 

..  on  -  - 


6(43062 


Classification  cancelled  (oc  changed  taJ-KIpr IQEh  f  ?  AL-l 
P&+  A.  Gft.  Q.v.GuZf^,  o kq.jJzj  y<t  if  ) 
by  authority  ot_ _ _ 

by. _  & 


.TIE,  date'.  Cr1 


ENGINEER  RESEARCH  AND  DEVELOPMENT  LABORATORIES  0  .  u  0  2 


LnJ  U^'s^rf*' 

’c.  n  i 


/- 


reStrIcted'data 

ATpMtC  ENERGY  ACT  1M« 


ro;  'o&ostt 


7 


CONTENTS 


» 


•  < 


ABSTRACT . . . . 

CHAPTER  1  INTRODUCTION  1 

1.1  Objective*  . . 1 

1.2  Historical  . . 1 

CHAPTER  2  EXPERIMENTAL  PROCEDURE  ..........  2 

2.1  Foxholes  •  • 

2.2  Film  Detectors 

2.3  Film  Processing 

CHAPTER  3  TEST  RESULTS.  .  . 


3*1  Oamma  Radiation  Results  «••••••• 

CHAPTER  U  DISCUSSION  OF  RESULTS . . 

U.1  Gamma  Doses  From  a  Surface  Detonation  .  •  • 

21.2  Genoa  Doses  From  an  Underground  Detonation.  . 

CHAPTER  5  CONCLUSIONS . 

5*1  Foxhole  Shielding  of  Gamma  Radiation.  •  •  • 

5.1.1  Surface  Detonation  ..••••• 

5.1.2  Underground  Detonation  •••••• 

5.2  Sources  of  Radiation  Contributing  to  Doses.  • 

5.2.1  Surface  Detonation  »•••••» 

5.2.2  Underground  Detonation  •••«•• 

CHAPTER  6  RECOMMENDATIONS  ............ 


6.1  Tests  •••••• 

6.2  Studies  •  •  •  .  • 

6.3  Dissemination  of  Results 


CONFIDENTIAL’ 


a  as  a  aaaggg  a  ana 


* 


PROJECT  2.3-2 


ILLUSTRATIONS 


CHAPTER  2  EXPERIMENTAL  PROCEDURE 

2.1  Location  of  Foxholes  •••••••••  3 

2.2  Film  Locations  in  Two-man  Foxholes  •  •  •  •  3 

2.3  Film  Locations  in  One-man  Foxholes  •  «  •  •  3 

CHAPTER  3  TEST  RESULTS 


3«1  Surface  Burst*  Iso-Rate  Contours  at  1  Hour.  •  8 

3.2  Surface  Burst*  Iso-Dose  Contours  at  10  Minutes  9 

3.3  Surface  Burst*  Iso-Dose  Contours  at  1  Hour.  •  10 

3.2*  Underground  Burst*  Iso-Rate  Contours  at  1  Hour  11 

3.5  Underground  Burst*  Iso-Dose  Contours  at  10 

Minutes  . . 12 

3.6  Underground  Burst,  Iso-Dose  Contours  at  1  Hour  13 

3.7  Total  Dose  at  10  Seconds  (Surface  and  Under¬ 
ground  Bursts)  •••••••••••lb 

3.8  Total  Accumulated  Dose  •••>  •  •  •  .  1$ 


CHAPTER  2  EXPERIMENTAL  PROCEDURE 


2.1  Types  of  Film  Used.  «••••••••  2* 

CHAPTER  3  TEST  RESULTS 

3.1  Distribution  of  Gamma  Radiation  in  Foxholes 

(Surface  Burst).  ••••••••••  6 

3*2  Distribution  of  Oamna  Radiation  in  Foxholes  . 

(Underground  Burst)  •  «•••••«•  7 


PROJECT  2.3-2 


ABSTRACT 


This  project  was  designed  by  the  Corps  of  Engineers  to  evaluate 
the  protection  afforded  by  foxholes  against  the  gamma  radiation  emit¬ 
ted  by  atomic  weapons  detonated  on  the  surface  and  beneath  the  ground. 
Film  dosimeters  were  ussd  to  measure  total  gamma  ray  doses  at  dif¬ 
ferent  depths  in  one  and  two-man  foxholes  as  well  as  in  soil  pipes 
sunk  into  the  ground.  The  film  dosimeters  were  contained  in  National 
Bureau  of  Standards'  type  holders  and  responded  to  gamma  radiation  of 
energy  greater  than  120  Kev.  In  the  report*  all  doses  are  given  in 
terms  of  roentgens  and  a  reading  of  6j>0r  (roentgens)  is  taken  as  the 
lethal  dose;  that  is*  the  dose  which  will  cause  death  to  nearly  100  y > 
pam-mamt  of  exposed  personnel.^-.  / 

The  major  conclusions  of  this  experiment*  based  on  the  ita 
obtained  in  the  above  manner*  follow  < 

1.  Standard  foxholes*  as  described  in  FM  5-15*  provide  excel¬ 
lent  protection  to  personnel  from  the  gamma  radiation  emitted  during 
the  detonation  of  an  atomic  weapon  on  the  surface  of  the  ground.  The 
results  show  that  the  doses  in  the  bottom  of  such  foxholes  located  in 
the  crosswind  direction  during  Operation  J ANGIE  were  less  than  10  per 
cent  of  the  surface  doses  at  identical  locations.  Since  the  foxholes 
were  located  outside  of  the  major  fall-out  pattern*  the  complete  dose 
measured  was  due  to  scattered  prompt  radiation.  If  the  foxholes  had 
been  located  downwind*  however*  the  doses  would  have  been  higher* 
since  fall-out  into  the  foxhole  and  scattered  radiation  from  the  con¬ 
tamination  on  the  surface  would  contribute  more  significantly  to  the 
total  dose.  There  are  indications  that  these  contributions  will  not 
materially  change  the  per  cent  of  surface-received  radiation  reaching 
trained  personnel  in  the  bottom  of  the  foxholes.  An  increase  of  sur¬ 
face  contamination  will  increase  the  surface  dose  as  well  as  the  doae 
at  tha  bottom  of  the  foxhole*  thereby  maintaining  the  ratio  between 
the  two.  The  contaminated  matter  that  falls  into  the  foxhole  can 
easily  be  removed  by  occupying  personnel  before  it  has  time  to  in¬ 
crease  the  doeee  received  to  any  great  extent. 


2.  Except  in  those  areas  covered  by  extensive  fall-out*  fox¬ 
holes  also  provided  affective  shielding  in  the  case  of  the  underground 
detonation  of  Operation  JANGXZ.  The  dosss  at  tha  bottom  of  tha  fox¬ 
holes  varied  from  about  2it  to  38  par  cant  of  the  surface  dosee  at  dis- 
tances  greater  than  2500  feet  from  the  burst.  A  great  portion  of  this 
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dose,  about  90  per  cent,  was  obviously  due  to  radioactive  matter  that 
fell  into  the  foxhole,  because  the  doses  measured  in  the  holes  during 
the  surface  shot  were  approximately  10  per  cent  of  those  measured 
during  the  underground  shot  of  identical  yield.  It  is  expected  that  * 

both  bursts  contributed  equally  to  the  doses  as  far  as  prompt  radia¬ 
tion  is  concerned, 

3#  The  doses  obtained  from  the  detonation  of  atomic  weapons 
on  the  surface  or  underground  receive  contributions  from  prompt  gamma 
radiation,  radiation  emanating  from  column  and  cloud,  and  from  residual 
activity  due  to  fall-out  of  radioactive  natter.  No  base  surge  activity 

was  evident. 

It*  The  complete  doses  at  the  bottom  of  the  foxholes  after  the 
surface  burst  of  this  operation  were  attributable  to  scattered  prompt 
radiation  in  addition  to  a  small  contribution  from  the  column  and 
cloud}  no  material  contribution  from  fall-out  or  residual  activity 
was  evident.  This  lack  of  effect  undoubtedly  resulted  from  the  loca¬ 
tion  of  the  foxholes  in  the  crosswind  direction.  If  the  foxholes  had 
been  located  downwind,  there  would  have  been  a  material  contribution 
from  fall-out  and  residual  activity.  It  is  not  expected  that  this 
would  falsify  the  conclusions  drawn  in  this  report  on  the  effective¬ 
ness  of  foxholes  as  protection  for  personnel  against  gamma  radiation. 

(See  conclusion  1,  above.) 

a 

J>,  The  major  portion  of  the  total  dose  measured  at  the  bottom 
of  the  foxholes  after  the  underground  burst  apparently  came  from  fall-  • 

out  matter  in  the  foxhole.  Contamination  on  the  surface  of  the  ground 
surrounding  the  foxhole  contributed  only  about  10  per  cent  to  the  doses 
at  the  bottom  of  these  structures,  and  prompt  radiation  could  not  con¬ 
tribute  more  than  evidenced  in  the  surface  burst  since  both  weapons 
were  the  same  sise*  let,  in  all  cases  the  doses  were  consi -arably  higher 
during  the  underground  detonation,  leading  to  the  obvious  conclusion 
that  matter  falling  into  the  foxholes  played  the  most  important  role. 

Alto,  the  doses  in  the  two  and  one-man  foxholes  were  equal,  although 
the  two  man  foxhole  had  twice  the  opening  area.  If  the  column  cr  cloud 
activity  contributed  greatly  to  these  doses,  it  could  be  expected  that 
the  dotes  In  the  two-man  foxhole  would  be  about  twice  as  great  as 
those  In  the  one-man  structure. 
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CHAPTER  1 

INTRODUCTION 


1.1  OBJECTIVE 

The  main  objective  of  this  project  was  to  determine  the  pro¬ 
tection  that  foxholes  provided  from  the  gamma  radiation  emitted  by 
surface  or  underground  bursts  of  atomic  weapons.  Total  gamma  radia¬ 
tion  intensities  at  different  levels  in  foxholes  were  measured  by 
means  of  film  detectors,  and  the  results  were  analyzed  to  determine 
the  contributions  to  the  total  doses  from  prompt  gamma  radiation, 
from  the  residual  activity  due  to  fall-out,  and  from  column  and  cloud 
activities. 

1.2  HISTORICAL 

Operation  JANGLE  was  the  first  test  in  which  atomic  weapons 
were  detonated  on  the  surface  of  the  ground  and  underground.  No 
experimental  data,  therefore,  existed  prior  to  this  operation  con¬ 
cerning  the  intensity  of  gamma  radiation  that  would  result  from  such 
detonations,  how  this  intensity  would  vary  with  distance,  and  the 
shielding  from  radiation  afforded  by  foxholes.  Since  the  results 
obtained  by  Cerar  in  an  unnumbered  project  performed  during  Operation 
RANGER  and  the  author  during  Operation  BUSTER  proved  that  foxholes 
provided  excellent  protection  from  the  radiation  emitted  during  an 
air  buret  atomic  weapon,  the  Office  of  the  Chief  of  Engineers  sug¬ 
gested  that  measurements  also  be  made  during  the  surface  and  under¬ 
ground  bursts  of  Operation  JANGLE  allowing  a  complete  picture  of  the 
effectiveness  of  foxholes  as  shields  against  radiation  to  be  det#j>* 
mined.  The  project  was  assigned  to  the  Special  Projects  Branch  of 
the  Bhgineer  Research  & 'd  Development  Laboratories  and  was  carried 
out  as  Project  2.3-2  of  Operation  JANGLE. 


The  gamma  maaauramants  were  accomplished  by  mean*  of  National 
Bureau  of  Standards'  type  film  dosimeters.  The  calibration,  distri¬ 
bution,  collection  and  dsvelopmant  of  the  film  dosimeters  were  per¬ 
formed  by  the  personnel  of  Project  2.3*1,  Operation  JANGLE,  and  a 
complete  description  of  the  film  detectors  is  Jound  in  that  report. 
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CHAPTER  2 


EXPERIMENTAL  PROCEDURE 


2.1  FOXHOLES 

Standard  two-man  foxholes  were  constructed  at  the  Nevada  Test 
Site  at  500  foot  intervals  from  200Q  to  5000  feet  from  the  points 
of  detonation  of  the  underground  and  surface  shots.  The  foxholes 
were  placed  so  that  their  longitudinal  axes  lay  along  a  line  which 
extended  1*5°  East  of  North  from  the  location  of  the  weapon.  (See 
Fig.  2.1.)  Each  foxhole  was  instrumented  in  eleven  different  posi¬ 
tions  with  gamma  film  detectors.  (See  Fig*  2.2.) 

In  addition,  there  were  one-man  foxholes  constructed  adjacent 
to  those  two-man  foxholes  located  3000  and  1*000  feet  from  the  target 
in  su:h  a  manner  that  their  longitudinal  axes  were  perpendicular  to 
the  northeast  line.  At  these  latter  distances  a  soil  pipe  1*9  inches 
long  and  6  inches  in  diameter  was  also  sunk  flush  with  and  perpen¬ 
dicular  to  the  surface  of  the  earth.  The  soil  pipes  were  instru¬ 
mented  along  the  central  vertical  axes  at  depths  of  16,  32,  and  1*8 
Inches  with  gamma  detectors.  The  one-man  foxholes  were  instrumented 
as  shown  in  Fig,  2.3* 

2.2  Jim  DETECTORS 

Briefly,  the  films  were  arranged  in  National  Bureau  of  Standards' 
type  holders  to  cover  the  sensitivity  ranges  given  in  Table  2.1.  The 
film  holder  consisted  of  a  bakelite  container  which  held  two  dental 
else  film  packets,  and  was  covered  with  a  layer  of  1.07  mm  of  tin  and 
a  layer  of  lead  0.3  nm  in  thickness.  The  lead  suppresses  gamma  rays 
of  low  energy,  less  than  0.1  Mev,  and  tends  to  make  the  film  response 
Independent  of  the  energy  of  the  incident  radiation.  The  tin,  placed 
between  the  lead  and  bakelite,  filters  the  fluorescent  radiation  from 
the  lead,  while  the  bakelite  serves  as  an  "air  equivalent"  layer  to 
produce  electron  equilibrium  near  the  surface  of  the  film.  A  lead 
•trip  was  also  placed  around  the  edges  of  the  badge  to  stop  tangential 
radiation  and  the  whole  unit  than  sealed  with  paper  masking  tape. 
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Distance  (lo3  ft) 


o  Soil  Pipe 

0  Standard  One-man  Foxhole 
o  Standard  Two-man  Foxhole 


fig.  2.2  fill  Locations  in 
IWo  am  Foxholes 


Fig.  2.3  Fil*  Locations  la 
One-wan  Focboles 
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2.3  FIIM  PROCESSING 

The  films  were  calibrated  according  to  standard  procedures  by 
Evans  Signal  Laboratory  personnel  prior  to  the  shots.  The  exposed 
films  were  collected  f>0  hours  after  each  detonation*  developed*  and 
the  density  of  each  determined.  The  exposures  were  Interpreted  from 
density  versus  dosage  curves  by  comparison  of  the  densities  with 
those  of  films  calibrated  with  a  Co®^  source. 


TABIE  2.1 

types  of  Film  Used 


Bnulsion  type 

Packet  type 

Sensitivity  Range 

Dupont 

502 

0.5r  to  lOr 

510 

552 

3r  to  50r 

Dupont 

5io 

605 

55U 

2 Or  to  500r 

Dupont 

"Adlux" 

556 

556 

:  jt  to  l,000r 

Butman 

518-0 

5U8 

lyOOQr  to  lOyOOQr 

(double  coat) 
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CHAPTER  3 


TEST  RESULTS 


3.1  GAMMA  RADIATION  RESULTS 

The  integrated  gamma  doses  In  roentgens  measured  in  foxholes 
at  various  distances  from  the  detonations  are  shown  in  Tables  3.1  and 
3*2  for  the  surface  and  underground  bursts  respectively.  These  doses 
are  given  for  five  different  levels  in  a  two-man  foxhole,  3  feet 
above  the  surface  of  the  ground,  at  the  surface,  and  16,  32,  and  U8 
inches  below  the  surface.  At  each  level  below  the  surface,  three 
doses  are  given  in  the  two-man  foxholes  and  two  doses  in  the  one-man 
foxhole,  representing  the  results  of  films  located  in  the  positions 
shown  in  Fig.  2.2. 

Figs.  3.1  through  3.6  are  reproductions  of  the  results  obtained 
in  Project  2.1A,  Operation  JANGLE.  They  depict  the  dose  rates  at  one 
hour  after  the  bursts,  the  total  dose  received  in  the  first  ten  minutes 
and  in  one  hour  for  both  the  surface  and  underground  shots.  The  pre¬ 
sentation  of  these  graphs  is  necessary  in  this  report  since  the  film 
badges  were  not  collected  until  fifty  hours  after  the  bursts  and  the 
graphs  give  an  estimate  of  the  contribution  that  residual  radiation 
made  to  the  total  doses.  On  these  graphs  the  locations  of  the  foxholes 
have  been  superimposed  to  facilitate  the  evaluation  of  the  results. 

Pig.  3*7  shows  the  prompt  radiation  expected  from  detonations  of  weap¬ 
ons  of  the  site  employed  in  the  tests.  The  curves  show  the  logarithm 
of  the  dose  received  as  a  function  of  tho  distance  from  the  point  of 
detonation  to  the  films.  Fig.  3*8  shows  the  theoretical  value  of  the 
integrated  dose  at  ary  time  after  'the  burst  assuming  a  doss  rats  of 
1  r  per  hour  at  1  hour  after  the  detonation  and  a  decay  law  of  t"*««. 
Total  doses  for  any  other  dose  rate  may  be  obtained  by  multiplying 
the  values  on  the  graph  by  the  desired  rate  at  H+l  hours. 
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Distribution  of  Gamma  Radiation  in  Fcocholea  (Surface  Burst) 


Sange 

(ft) 

Location 

iJwo-aan 

Foxhole 

One-man  ! 
Foxhole 

Soil 

Pipe 

2000 

3 6"  Above  Surface 

800  r 

- 

Surface 

700 

1 6"  Below  Surface 

230  205  105 

32"  Below  Surface 

21*  58  136 

L9"  Below  Surface 

12.8  22  62 

2500 

3 6n  Above  Surface 

230  r 

Surface 

220 

16n  Below  Surface 

35  60  85 

32"  Below  Surface 

7  15  26 

U8"  Below  Surface 

. k  .  .  8.5  13.3 

3000 

3 6"  Above  Surface 

110  r 

73  r 

Surface 

90 

55 

16°  Below  Surface 

23  36  55 

6.8  6.6 

10 

32"  Below  Surface 

7.6  12.it  19  .It 

2.5  2.1t 

0.5 

U8"  Below  Surface 

2.5  lt.8  6.7 

1.6  1 

0 

3500 

36"  Above  Surface 

Id  r 

Surface 

— 

16"  Below  Surface 

3  —  9.7 

32" "Below  Surface 

1.6  2.8  3.U 

U8"  Below  Surface 

.SU  .»  1.9 

1(000 

36"  Above  Surface 

17  r 

17  r 

Surface 

9.6 

16"  Below  Surface 

1.6  3  5.6 

-  0.35 

32"  Below  Surface 

0.6  1.12  1.62 

•M. 

0.17 

U8"  Below  Surface 

—  0.5U  0*^7 

0.39  — 

— 

l»5oo 

36"  Above  Surface 

9.8  r 

Surface 

k.6 

16"  Below  Surface 

1  1.8  3.5 

32"  Below  Surface 

0.5  0.7  1.01* 

1*8"  Below  Surface 

0.21  0.1*  0.57 

5ooo 

.36"  Above  Surface 

lt.8  r 

Surface 

2.7 

16"  Belov  Surface 

0.6  0.99  2.95 

32®  Belov  Surface 

0.3  0.5  0.75 

h8"  Belov  Surface 

0.17  0.2  0.38 
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TABLE  3*2 


Distribution  of  Gamma  Radiation  in  Foxholes  (Underground  Burst) 


5000 


Location 

36”  Above  Surface 
Surface 

16”  Below  Surface 
32"  Below  Surface 
2i8"  Below  Surface 

36"  Above  Surface 
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CHAPTER  ^ 

DISCUSSION  OP  RESULTS 


U.1  GAMMA  D0SE3  PROM  SURFACE  DETONATION 

The  gamut  doses  recorded  during  the  surface  detonation  are 
givm  in  Table  3.1.  The  readings  are  consistent  among  themselves 
and  can  be  easily  interpreted  from  the  contours  and  graphs  given  in 
Figs*  3.1  through  .  *3  and  3.7.  Consider  the  dose  of  800r,  measured 
3  feet  above  the  foxhole  located  2000  feet  from  the  detonation. 

Fig.  3*7  shows  that  the  total  dose  to  be  expected  at  2000  feet  one 
hour  aftsr  the  burst  was  between  600  and  80 Or.  Figs.  3*1  and  3*8 
show  that  the  contribution  of  residual  activity  to  the  total  dose 
after  one  hour  was  small,  approximately  l5r.  However,  it  must  be 
remembered  that  the  above  illustration  pertains  to  orosswind  loca¬ 
tions  only;  in  the  downwind  direction  surface  total  doses  of  about 
80Qr  were  found  as  far  as  7000  feet  from  the  detonation  at  H-f-1 
hour*,  (see  Fig.  3-3). 

Tho  doses  in  the  foxholes  at  locations  below  the  surface  fell 
off  sharply  from  the  surface  values.  Analysis  of  the  data  shown  in 
Table  3*1  Indicates  that  the  doses  at  the  bottom  of  the  foxhole  were 
primarily  the  result  of  the  scattering  of  prompt  radiation.  For 
example,  the  average' value  of  the  films  at  the  bottom  of  the  foxhole 
2000  feet  from  the  surface  shot  was  about  32r  and  the  prompt  radia¬ 
tion  on  the  aurfaee  was  600r,  (see  Fig.  3*7) .  Therefore,  about  $  per 
cent  of  the  prompt  surface  radiation  reached  the  bottom  of  the  fox¬ 
hole.  The  results  from  Operation  BUSTER  indicated  that  this  dose  was 
just  about  what  should  be  expected  from  Initial  radiation  at  the  bot¬ 
tom  of  two-man  foxholes.  Of  course,  if  the  foxhole  were  loom  ted 
directly  downwind,  the  da  so  would  be  higher  due  to  m  increased  amount 
of  fall-out  into  the  f exhole.  Bow ever,  as  will  be  shown  in  the  analysis 
of  the  results  from  the  underground  detonation,  only  the  radioactive 
matter  that  foil  into  tho  foxhole  contributed  to  the  total  dose,  the 
radiation  field  an  the  aurfaee  surrounding,  the  f exhale  had  very  little 
effect  an  the  deeee  at  the  bottom. 

li.2  GAMMA  DOSES  FROM  AN  CBEMBOUBP  DETONATION 

The  doses  received  on  the  eurf aoe  and  in  foxholes  at  various 
dlstanoes  from  tho  point  of  detonation  are  given  in  Table  3.2.  With 
the  exception  of  the  2000  foot  station,  all  badges  gave  readings 
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consistent  with  the  contours  shown  in  Figs.  3«2i  through  3*6.  The 
2000  foot  station  gave  a  reading  of  3850r,  considerably  higher  than 
expected  from  the  contours*  However,  examination  of  Fig.  3*6  shows 
that  although  the  total  dose  contours  are  accurate  over  large  dis¬ 
tances,  snail  areas  of  very  high  activity  existed  in  certain  loca¬ 
tions  even  though  the  surrounding  areas  gave  relatively  low  radiation 
doses.  This  was  undoubtedly  caused  by  the  concentration  of  a  large 
amount  of  fall-out  in  these  locations  or  by  a  higher  specific  contamina¬ 
tion  of  the  fall-out  in  that  particular  region.  Consider  the  dose  of 
73r  obtained  5000  feet  from  the  burst.  From  Fig.  3*6  the  total  dose 
after  one  hour  at  the  distance  should  be  about  20r.  Figs.  3«U  and  3*7 
show  that  the  residual  radiation  after  one  hour  added  about  27r,  for  a 
total  of  57r.  But,  data  from  monitor  readings  as  shown  in  Fig.  3.6 
indicated  that  the  total  dose  after  one  hour  was  50r,  instead  of  20, 
in  the  area  where  the  5000  foot  station  was  situated.  If  the  27r  resi¬ 
dual  radiation  were  added  to  this,  the  result  would  be  77r  which  is 
very  close  to  the  reading  obtained  by  the  film. 

Comparison  of  the  results  obtained  during  the  underground  burst 
with  those  during  the  surface  burst  showed  that  the  total  gamma  doses 
were  greater  at  all  distances  following  the  underground  detonation. 

The  increase  was  due  primarily  to  the  greater  amounts  of  radioactive 
matter  that  fell  from  the  floud.  The  doses  dropped  sharply  beyond 
2000  feet  to  reading  of  about  lOOOr  at  2500  feet  and  175r  at  3000  feet, 
(see  Table  3*2).  Consideration  of  the  doses  recorded  at  these  stations 
lead  to  an  estimate  of  the  effectiveness  of  foxholes  as  shields  against 
gamma  radiation  from  an  underground  burst.  In  the  2500  foot  foxhole, 
a  dose  of  less  than  lOOr  was  measured  at  the  bottom,  while  the  dose  3 
feet  above  the  surface  was  approximate^  lOOOr.  Clearly,  personnel  on 
the  surface  would  be  exposed  to  lethal  cl.  >es  while  those  protected  by 
foxholes  would  receive  relatively  unimportant  doses. 

Analysis  of  the  doses  obtained  at  the  lower  levels  inside  the 
foxholes  indicated  that  only  scattered  prompt  radiation  and  radioactive 
matter  that  fell  into  the  foxholes  contributed  greatly  to  the  measured 
doses  and  that  the  attendant  surface  radiation  field  was  ralatively 
unimportant.  This  conclusion  arose  from  the  fact  that  tha  films  at 
the  bottom  of  the  two-man  and  one-man  foxholes  received  about  the  same 
dosas,  sae  Table  3.2,  although  the  one-man  foxhole  had  anly  one-half 
the  area  of  opening.  Therefore,  if  the  column  and  cloud  contributed 
greatly  to  the  doses  at  the  bottom,  a  greater  reading  should  be  ex¬ 
pected  in  the  two-man  foxhola.  Tha  sama  argument  is  true  with  rsspsot 
to  the  surface  contamination  surrounding  the  foxholes.  If  this  con¬ 
tamination  contributed  greatly  to  the  doses  inside  the  foxholes 
through  radioactive  decay,  then  it  ».<ould  have  a  greater  affect  on 
the  badges  in  the  two-man  foxhole  because  of  the  greater  opening* 
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This  vu  seemingly  net  the  case.  Moreover,  Reitmann  of  the  Engineer 
Research  and  Development  Laboratories!  stated  in  his  report  on  Project 
6,2,  Land  Reclamation,  that  less  than  10  per  cent  of  the  surface 
activity  was  found  at  the  bottom  of  a  k  foot  trench  that  was  dug  in  a 
contaminated  area  after  the  surface  burst  of  Operation  J ANGLE. 
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CHAPTER  5 


CONCLUSIONS 


5.1  PQXHOIE  SHIELDING  OF  GAMMA.  RADIATION 
5.1.1  Surface  Detonation 


Standard  foxholes  provide  excellent  protection  to 
personnel  from  the  gamma  radiation  emitted  during  the  detonation  of 
an  atomic  weapon  on  the  surface  of  the  ground.  The  results  from  the 
comparatively  small  sized  weapon  employed  in  Operation  JANGLE  show 
that  2000  feet  from  the  burstj  the  location  of  the  closest  foxhole 
doses  of  about  60r  were  measured  at  the  bottom  of  a  foxhole,  less 
than  10  per  cent  of  the  dose  measured  3  feet  above  the  surface  of  the 
ground.  Due  to  the  location  of  the  foxhole  in  the  crosswind  direction, 
the  dose  at  the  bottom  was  caused  primarily  by  scattered  prompt  radia¬ 
tion  plus  a  small  contribution  from  the  residual  activity  of  the  fis¬ 
sion  products  on  the  surface  of  the  ground.  In  the  downwind  direction 
there  would  be  a  contribution  from  matter  that  falls  out  from  the 
cloud  into  the  foxhole  In  addition  to  the  above  mentioned.  This  fall¬ 
out  will  depend  on  the  wind  velocity  for  a  given  sized  weapon,  and 
although  it  is  expected  to  increase  the  do3e  in  the  foxholes ,  es¬ 
pecially  in  those  located  close  to  the  detonation,  it  is  relatively 
unimportant  in  comparison  to  the  prompt  and  residual  activity  since 
it  can  be  easily  shoveled  out  of  the  foxhole  in  a  short  time. 


5.1.2  Utaderground  Detonation 


With  the  possible  exception  of  those  located  in  the 
area  dose  to  the  point  of  detonation  where  extensive  fall-out  occurs, 
foxholes  also  provide  effective  shielding  in  the  ease  of  an  under¬ 
ground  detonation.  Even  within  this  area  of  extensive  fall-out,  which 
at  Operation  JANQIE  extended  approximately  2000  feet,  the  high  doses 
recorded  In  the  foxholes  could  be  greatly  reduced  by  digging  out  the 
radioactive  matter  that  fell  into  the  hole.  It  is  highly  probable 
that  one-half  the  doses  recorded  in  the  foxholes  located  within  2500 
fact  of  the  detonation  at  Operation  JANOZS  were  directly  attributable 
to  this  type  of  fall-out  and  most  likely  a  higher  percentage  at  dis¬ 
tances  greater  then  2500  feet. 
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5.2  SOURCES  OF  HALATION  CONTRIBUTING  TO  DOSES 

The  doses  obtained  from  the  detonation  of  atomic  weapons  on  the 
surface  or  underground  receive  contributions  from  prompt  radiation, 
residual  activity  due  to  fall-out  of  radioactive  matter,  and  possibly 
radiation  emanating  from  the  activity  of  the  solumn  and  cloud. 

5.2.1  Surface  Detonation 

The  complete  doses  at  the  bottom  of  foxholes  in  this 
operation  were  attributable  to  scattered  prompt  radiation.  No  con¬ 
tribution  from  fall-out  or  cloud  and  column  activity  was  evident  but 
it  is  expected  that  fall-out  would  have  increased  the  doses  if  the 
foxholes  had  been  located  in  the  downwind  direction. 

$•2*2  Underground  Detonation 

The  greatest  portion  to  the  total  dose  measured  at  the 
bottom  of  foxholes  apparently  came  from  the  fall-out  matter  in  the 
foxhole.  The  contamination  on  the  surface  of  the  ground  surrounding 
the  foxhole  contributes  only  about  10  per  cent  to  the  doses  at  the 
bottom  and  the  prompt  radiation  could  not  contribute  more  than  oc¬ 
curred  In  the  surface  burst  since  both  weapons  were  the  same  size, 
let,  in  all  cases  the  doses  were  considerably  higher  during  the 
underground  detonation  leading  to  the  obvious  conclusion  that  matter 
falling  into  the  foxholes  played  the  most  important  role,  also,  the 
doses  in  the  two  and  one-man  foxholes  were  equal  although  the  two- 
man  foxhole  had  twice  the  opening  area.  If  the  column  or  cloud 
activity  contributed  greatly  to  these  ,  doses,  it  was  expected  that 
the  doses  in  the  two-man  foxhole  would  be  about  twice  as  great  as 
that  in  the  one-man. 
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CHAPTER  6 


HECOM-ENDATIOWS 


6.1  TESTS 

If  future  tests  are  planned  which  include  the  surface  and  under¬ 
ground  detonation  of  larger  weapons  than  1.2KT*  it  is  recommended  that 
another  project  of  this  type  be  undertaken  to  investigate  the  validity 
of  existing  gamma  radiation  scaling  laws. 

6.2  STUDIES 

A  study  should  be  undertaken  to  investigate  the  ratio  of  the 
doses  at  the  bottom  of  foxholes  to  the  dose  rates  existing  on  the  sur¬ 
face  surrounding  the  opening  of  the  foxhole.  It  is  possible  that  a 
constant  ratio  exists  between  the  two  that  would  facilitate  predicting 
the  doses  expected  in  foxholes  for  all  values  of  surface  contamination. 
It  seems  that  enough  data  are  available  for  a  preliminary  study  of 
this  type  and  arrangements  are  being  made  for  its  accomplishment  in 
the  near  future. 

6.3  DISSEMINATION  OF  RESULTS 

The  results  of  this  project  should  be  disseminated  to  troop  com¬ 
manders  in  the  field  to  form  a  basis  for  preliminary  training  and  staff 
planning  since  these  results  together  with  those  of  Project  2.6,  Opera¬ 
tion  BUSTER*  present  a  good  picture  of  the  protection  that  foxholes 
afford  against  the  nuclear  radiation  emitted  by  atomic  weapons  detona¬ 
ted  in  the  air  and  on  or  under  the  ground* 
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